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The farmers can increase the adoption of better agri-
cultural innovation to enhance productivity and make 
their and the nation’s food basket bulkier, thus ensuring 
food security and encouraging inclusive growth and 
poverty reduction (Ambong 2022; Phan et al. 2022a). 
Modern services and climatically appropriate technol-
ogies in agriculture can enable agricultural production 
systems to adjust to the variations in weather and cli-
mate change (Asfaw et al. 2012). Precision agriculture 
technology compatibility and farmer skills help facili-
tate adoption (Shi et al. 2022). Although the advantages 
of agricultural technologies are frequently mentioned 

and significant attempts are made to  persuade farm-
ers to  invest in  them, the adoption rates remain low 
in rural regions of developing countries. The adoption 
of  agricultural technology is  complicated and influ-
enced by  several factors (Farooq et  al. 2019). Credit, 
risk, organisational belonging, access to development 
projects, and uncertainty influence agricultural inno-
vation adoption (Usman et al. 2021; Wang et al. 2021; 
Li et al. 2023). Labour-saving technologies in agricul-
ture also emphasise non-pecuniary benefits, includ-
ing reduced management effort, increased safety, and 
environmental considerations (Zhang et al. 2023). Cli-
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mate shocks, including extreme weather occurrences, 
can significantly diminish agricultural productivity, 
compelling farmers to  implement agricultural tech-
nologies to  alleviate these effects (Mehar et  al. 2016; 
Holden and Quiggin 2017; Tambo and Wünscher 2017; 
Michler et al. 2019). In Vietnam, where the adoption 
of numerous agricultural advancements remains limit-
ed, and the issues of food insecurity and poverty persist 
as significant obstacles to the increase of productivity 
and sustainable human development. The low adop-
tion rate can be linked to several variables, such as the 
specific features of  individual farmers, inadequate in-
frastructure, market imperfections, insufficient insti-
tutional support, climate shocks, and pricing hazards 
(Asfaw and Admassie 2004; Hossain et  al. 2006; Me-
har et al. 2016; Holden and Quiggin 2017; Kumar et al. 
2020; Tesfay 2021; Belayneh 2023).

Insufficient financial resources can hinder tech-
nology use, including acquiring genetically modified 
seeds, fertiliser (chemical fertiliser and organic ferti-
lisers), and irrigation (Branco and Féres 2021). Rural 
households encounter several risks related to markets, 
production, and health, primarily resulting from com-
mon occurrences such as a rise in the cost of agricul-
tural inputs, crop failure caused by drought, crop dis-
eases and pest infestations, and illness among family 
members (Komarek et  al. 2020). These shocks might 
adversely impact food production, household income, 
and household assets (Arslan et al. 2017; Asfaw et al. 
2019; Grabrucker and Grimm 2021). In addition, they 
can modify the time frame within which households 
plan for the future, as  well as  the individual rates 
at  which they discount future benefits (Emmanuel 
et al. 2016). This case can lead to a decrease in the rate 
of technology adoption. Moreover, embracing agricul-
tural advances can serve as both a proactive approach 
to managing unexpected events and a reactive response 
to such events (Bukchin and Kerret 2018). While it may 
be challenging to identify these techniques during re-
hearsal specifically, the goal of the study is to determine 
if the adoption of agricultural innovations is influenced 
by  the climate shocks experienced by  the households 
in Vietnam since the country is particularly vulnerable 
to climate change due to its geographical features, in-
cluding a  long coastline and wide river basins, which 
expose it  to increasing sea levels, extreme weather 
events, and other environmental stresses (Ha et  al. 
2022; Kien et al. 2023). The importance of implement-
ing agricultural innovations in  reaction to  climatic 
shocks is a worldwide issue that surpasses geographi-
cal limits. Other nations can adopt successful methods 

to bolster agricultural resilience, guarantee food secu-
rity, and foster sustainable development in  response 
to climate change by drawing lessons from the experi-
ences of countries such as Vietnam.

The impact of  climate shocks on  household well-
being is pivotal for agricultural and economic growth 
in  developing countries. When households face un-
expected disruptions like agricultural or climatic dis-
turbances, they often encounter barriers to  adopting 
innovative and potentially more profitable farming 
practices. This tendency arises because households 
typically opt for low-risk, low-return activities to navi-
gate shocks and avoid falling into poverty traps. House-
holds employ various coping mechanisms to  recover 
from such events. These include utilising savings in the 
form of money, crops, or animals, borrowing from in-
formal credit sources, reallocating household mem-
bers to wage labour, and leveraging social networks like 
‘equb’ and ‘idir’ for financial aid during crises (Gebre-
mariam and Tesfaye 2018). Developing these coping 
strategies is  crucial for stabilising household income 
fluctuations and building resilience, which can even-
tually facilitate the adoption of  advanced agricultural 
technologies and methods. Previous research indicates 
that while farming risks from climate change can re-
duce earnings, funds from alternative sources provide 
the necessary liquidity to  offset losses, thereby link-
ing shocks, income diversification, and the adoption 
of improved farming technologies (Gebremariam and 
Tesfaye 2018; Tan et al. 2021). The unpredictable na-
ture of shocks can both hinder and spur the adoption 
of  new agricultural advancements that require capi-
tal, such as  high-quality seeds or  fertilisers. Moreo-
ver, research yields mixed results regarding the effect 
of shocks on technology adoption. Gebremariam and 
Tesfaye (2018) and Diagne et  al. (2022) suggest that 
while shocks may prompt farmers to  adopt technol-
ogy in  response to  the shocks from climate change, 
such as drought and flood, they can also reduce house-
hold income and dampen the likelihood of technology 
adoption.

Understanding the nuances of coping strategies and 
their impact on household resilience is vital for policy-
makers and development practitioners. Previous stud-
ies emphasise the variability in coping styles and their 
outcomes in  subsequent shocks, underscoring the 
need for diverse coping strategies and adaptable ag-
ricultural technology frameworks. Importantly, com-
prehending how households cope with shocks and the 
implications for technology adoption is crucial for de-
signing effective agricultural policies and interventions 
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in  developing countries. This paper aims to  find the 
effect of shocks from climate change, such as drought 
and flood, on technology adoption, including chemical 
fertiliser, improved seeds, organic fertiliser prepared 
by  households, and organic fertiliser bought from 
others in rice production in Vietnam. In addition, the 
study aims to  answer the question: ‘What is  the dif-
ference in  farmer behaviour in  response to  drought 
and floods?’. Understanding the differences in  farmer 
behaviour in response to drought and floods is essen-
tial for developing effective agricultural policies and 
support systems. The finding is  not only significant 
for Vietnam but also for developing countries. Using 
a  mix of  propensity score matching (PSM) and fixed 
effect estimation to alleviate the endogenous problem 
of suffering climate shock, the results demonstrate that 
households choose to adopt improved varieties and or-
ganic fertilisers as a response to the drought. Another 
research indicates that households use more chemi-
cal fertiliser, and reduce the likelihood of utilising im-
proved seeds in  rice cultivation since the household 
is harmed by floods. The findings contribute unique-
ness and depth to the link between climate shock and 
technology adoption in rice production.

MATERIAL AND METHODS

Data source. The Vietnam Access to  Resources 
Household Survey (VARHS) is a comprehensive data-
set compiled between 2008 and 2018 (UNU Wider 
2024). It  provides detailed information on  the socio-
economic status and availability of household resourc-
es in  Vietnam. Data collection involves gathering in-
formation on  households affected by  climate change 
shocks, starting from 2012. Hence, this analysis uti-
lised panel data from the VARHS covering the period 
from 2012 to 2018, with two years of data for each year. 
To  obtain a  precise understanding of  the conditions 
of households in all regions of Vietnam, it was impera-
tive to gather responses to many questions posed in the 
VARHS survey from the 12 provinces comprising the 
country. Figure 1 displays the precise locations of the 
research sites. The sites encompassed the northern re-
gion, consisting of Ha Tay, Lao Cai, Phu Tho, Lai Chau, 
and Dien Bien. Additionally, there were Middle regions 
sites, which include Nghe An, Quang Nam, Khanh 
Hoa, Dak Lak, Dak Nong, and Lam Dong. Lastly, there 
was the Mekong River region, namely Long An.

Table 1 indicates the dependent and independ-
ent variables that were used in  the estimation pro-
cess of  the relationship between shocks from climate 

change (drought and flood) and technology adoption 
(chemical fertiliser, improved seed, organic fertiliser 
prepared by  household, and organic fertiliser bought 
from others) in  rice production in  Vietnam. The in-
dependent variables include the shocks from climate 
change (drought and flood), technology adoption 
(chemical fertiliser, improved seed, organic fertiliser 
prepared by  household, and organic fertiliser bought 
from others), household characteristics (gender 
of household head, age of household head, educational 
level of household head, health risks, number of fam-
ily members, access to  credit, access to  the Internet, 
access to  agricultural extension service, access to  ir-
rigation, number of assets), land fragmentation index 
(Simpson index and number of plots), farm character-
istics (changing land quality, soil and water conserva-
tion, and rice production area).

Table 1 provides the changes in the number of expe-
rienced shocks, several technology adoptions, house-
hold characteristics, and farm characteristics. Chemi-
cal fertiliser adoption was high across all years, rising 
from 0.96 in  prior years to  0.99 in  2018, with little 
decrease in  variability (standard deviation falls from 
0.20 to 0.10). In 2018, improved seed adoption reached 
0.90, up marginally. Organic fertiliser adoption pre-
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Figure 1. Study sites from VARHS in rural Vietnam

VARHS – The Vietnam Access to Resources Household Survey
Source: Phan et al. (2022a)
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pared by households dropped from 0.51 in 2012 to 0.29 
in 2018, showing a shift away from organic fertilisers. 
Organic fertiliser purchased from others was rarely 
used, declining from 0.21 in 2012 to 0.15 in 2018. The 
mean drought shock frequency decreased from 0.15 
in 2012 to 0.07 in 2018. Flood shocks peaked at 0.23 
in 2016 and dropped to 0.12 in 2018. The household 
head’s gender, age, and education also changed signifi-
cantly over time. Credit, Internet, agricultural exten-
sion services, and irrigation access were also altered. 
Access to credit decreased from 0.46 in 2012 to 0.28 
in 2018, and Internet access increased to 0.57 in 2018, 

indicating digital connectivity. The figure for access 
to agricultural extension service dropped from 0.58 
in 2012 to 0.42 in 2018, showing less outreach and uti-
lisation. After peaking at 0.99 in 2018, irrigation adop-
tion remained high, indicating effective water use. Re-
garding land and agriculture rice production dropped 
from 7.79 in 2012 to 7.66 in 2018. The Simpson index 
dropped from 0.55 in  2012 to  0.44 in  2018, showing 
agricultural plot consolidation. Less fragmentation was 
seen in 2018, with 4.52 plots per residence compared 
to 5.85 in 2012. Adoption of soil and water conserva-
tion peaked at 0.31 in 2012 and fell to 0.27 in 2018. The 

Table 1. Descriptive statistics of samples

Variable
2012 2014 2016 2018 All

mean SD mean SD mean SD mean SD mean SD

Adoption of chemical fertiliser 
(1 = yes; 0 = no) 0.96 0.20 0.96 0.19 0.96 0.20 0.99 0.10 0.97 0.18

Adoption of improved seeds 
(1 = yes; 0 = no) 0.84 0.37 0.87 0.34 0.82 0.39 0.90 0.30 0.86 0.35

Adoption of organic fertiliser pre-
pared by household (1 = yes; 0 = no) 0.51 0.50 0.46 0.50 0.43 0.50 0.29 0.45 0.42 0.49

Adoption of organic fertiliser bought 
from others (1 = yes; 0 = no) 0.21 0.41 0.16 0.36 0.21 0.41 0.15 0.35 0.18 0.38

Shock from drought (1 = yes; 0 = no) 0.15 0.35 0.11 0.32 0.04 0.20 0.07 0.25 0.10 0.30
Shock from flood (1 = yes; 0 = no) 0.18 0.39 0.20 0.40 0.23 0.42 0.12 0.32 0.18 0.39

Gender of household head 
(1 = male; 0 = female) 0.84 0.37 0.82 0.38 0.81 0.39 0.78 0.41 0.81 0.39

Age of household head (years) 51.84 11.49 53.45 11.50 55.06 11.52 56.56 11.20 54.23 11.56

Educational level of the household 
head (years) 7.83 3.16 8.51 3.02 8.80 2.86 7.89 3.25 8.26 3.10

Health risks (1 = yes; 0 = no) 0.04 0.20 0.05 0.23 0.03 0.18 0.04 0.20 0.04 0.20
Number of family members 4.68 1.65 4.61 1.64 4.48 1.67 4.35 1.81 4.53 1.70
Access to credit (1 = yes; 0 = no) 0.46 0.50 0.40 0.49 0.31 0.46 0.28 0.45 0.36 0.48
Access to the Internet (1 = yes; 0 = no) 0.40 0.49 0.44 0.50 0.44 0.50 0.57 0.50 0.46 0.50

Access to the agricultural extension 
service (1 = yes; 0 = no) 0.58 0.49 0.59 0.49 0.44 0.50 0.42 0.49 0.51 0.50

Access to irrigation (1 = yes; 0 = no) 0.96 0.19 0.98 0.15 0.96 0.20 0.99 0.08 0.97 0.16
Number of assets 6.84 3.22 7.80 3.35 7.62 3.52 8.06 3.47 7.58 3.42
Rice production area1 7.79 0.91 7.75 0.93 7.72 0.95 7.66 0.99 7.73 0.95
Fragmentation index (Simpson index) 0.55 0.27 0.51 0.28 0.49 0.28 0.44 0.29 0.50 0.28
Number of plots 5.85 2.76 5.31 2.77 4.88 2.66 4.52 2.44 5.14 2.71
Changing land quality (1 = yes; 0 = no) 0.03 0.18 0.05 0.21 0.04 0.20 0.03 0.17 0.04 0.19

Soil and water conservation 
(1 = yes; 0 = no) 0.31 0.46 0.15 0.36 0.19 0.39 0.27 0.44 0.23 0.42

1in log form
Source: Author’s elaboration
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mean household asset ownership has increased from 
6.84 in  2012 to  8.06 in  2018. The number of  family 
members showed a  decrease in  household size from 
4.68 in 2012 to 4.35 in 2018.

Methodology. The use of  ordinary least squares 
(OLS) regression in  the presence of  endogeneity 
in shock from climate change, such as drought or flood, 
provides biased results and an underestimation of the 
impact of  shocks on  technology adoption (Tran and 
Van Vu 2019). In  the absence of  empirical evidence, 
non-experimental techniques such as  instrumental 
variable (IV), propensity score matching (PSM), dif-
ference-in-differences (DID), or a combination of PSM 
and DID were crucial for assessing the average treat-
ment effect on the treated (ATT) (Nguyen et al. 2024).

Instrumental variables (IVs) are frequently em-
ployed to address selection bias resulting from unob-
servable factors. For IVs to have a significant impact, 
it  should be  associated with climate shocks, but it 
should not directly determine the technology adop-
tion. Nevertheless, the task of locating dependable IVs 
is arduous and might lead to biased results if executed 
improperly. Based on  previous research (Duong and 
Thanh 2019; Nguyen Chau and Scrimgeour 2022), the 
study selected a combination of PSM and fixed effect 
estimation as a more appropriate approach to address 
selection bias.

This study employed propensity score matching, 
a statistical technique that mitigates selection bias and 
enabled the construction of a plausible counterfactual 
scenario by utilising observed characteristics of house-
holds that did not suffer shock from climate change. 
In the realm of PSM methodology, a vital component 
entails the delineation of the common support region. 
The term ‘common support’ pertains to  the extent 
of values in the propensity scores when both the treat-
ed group (households suffering shock from drought 
or flood) and the control group (households not suffer-
ing shock) are present (Abate et al. 2014). Estimating 
the treatment impact becomes challenging for house-
holds that suffer shock and have propensity scores that 
fall outside the common support zone. It is important 
to limit the matching process to homes that are located 
in the same common support region. Deviating from 
this constraint introduces a  significant bias because 
it involves comparing households that cannot be reli-
ably compared (Heckman et al. 1997). In addition, the 
implementation of common support limitations often 
improves the reliability of  estimates, decreases the 
chances of inadequate matches, and boosts the quality 
of matches (Abate et al. 2014; Duong and Thanh 2019).

It is  crucial to  recognise that standard propensity 
score matching, when used with cross-sectional data, 
has limits in  its capacity to  mitigate selection biases 
solely based on observable covariates. This implies that 
unobserved variations across people can still influence 
both the implementation of  the intervention and the 
subsequent consequences. Therefore, it  is essential 
to  employ panel data, where the integration of  fixed 
effect regression and matching is  seen as  a  more fa-
vourable methodological approach (Becker and Ichino 
2002; Khandker et al. 2009). Unlike normal propensity 
score matching, this technique not only accounts for 
reported covariates but also includes time-invariant 
unobserved components, resulting in a more depend-
able analytical framework.

The following logit model with a set of matched co-
variates that assist in predicting households suffering 
shock from climate change was used to  estimate the 
propensity score.

Shockit = λXit + χHIDit + St + εist	 (1)

where: Shockit – binary variable that takes the value of 1 
if a household experiences a shock from climate change 
(drought or flood) and 0 otherwise; Xit – set of explana-
tory factors mentioned in Table 1; HIDit – household 
fixed effect; St – year fixed effect; εist – error term.

Equation (1) was utilised to  estimate two separate 
estimations: i) variables associated with the impact 
of  drought, and ii) variables associated with the im-
pact of flood.

A  household affected by  climate change was sub-
sequently paired with a  non-affected household. The 
study examines the nearest neighbour matching meth-
od, as it was anticipated to yield the least bias (Nguyen 
Chau and Scrimgeour 2022). This study used the follow-
ing model to assess the impact of  shock from climate 
change on technology adoption in rice production:

Yit = Shockit + λXit + χHIDit + St + εit	 (2)

where: Yit – technology adoption such as  chemical 
fertiliser, improved seeds, organic fertiliser prepared 
by  households, and organic fertilizer bought from 
others; Shockit – binary variable that equals 1 if a house-
hold suffers sock from climate change (drought or flood) 
and 0 otherwise; Xit – vector of control variables that 
includes individual characteristics and household char-
acteristics mentioned earlier; HIDit – household fixed 
effect; St – year fixed effect; εit – error term.

https://www.agriculturejournals.cz/web/agricecon/
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RESULTS AND DISCUSSION

Results. The study begins by describing the system-
atic differences between the treatment group and the 
control group. Tables 2 and 3 provide a succinct sum-
mary of  the specific agricultural characteristics uti-
lised in the model. Additionally, the analysis involved 
conducting balance tests on each covariate before and 
after matching, for both the unpaired and matched 
groups. After the matching procedure, most of  the 
covariate means in  the treatment and control groups 
do  not show significant differences (Tables 2 and 3). 
These data show that, after the matching process, the 
factors influencing the shock from drought or  flood 
were distributed more evenly, reducing the endogene-
ity problem.

Propensity score matching (PSM) utilises the pro-
pensity score to balance the pre-treatment character-
istics of  the treatment (suffering shocks) and control 
(not suffering shocks) groups. The initial step involves 
assessing the convergence of the propensity score dis-
tributions for both groups. After doing the matching 
technique, the distributions of  the propensity scores 
are illustrated in  Figure 2 for shock from drought 
and Figure 3 for shock from flood. Neither of the two 
graphs exhibits a notable accumulation in probability 

at 0 or 1. Furthermore, the calculated densities exhibit 
significant similarity, and their primary masses coin-
cide. Therefore, there is  no proof of  a  breach of  the 
overlap assumption. The study presents the distribu-
tion of the propensity score both before and following 
the matching process, as illustrated in Figure 2. Before 
matching, the distributions of the propensity scores for 
experienced shock (represented by  the blue line) and 
non-experienced shock (represented by the black line) 
due to  drought exhibit differences. Following the ap-
plication of  PSM, the propensity score distributions 
of  both groups exhibited similarity. Likewise, Figure 
3 presents comparable propensity scores for the two 
groups (those who experienced shocks and those who 
did not) following the application of propensity score 
matching (PSM). Table 4 presents the findings about 
the influence of shock from drought on the technology 
adoption in rice production, employing both ordinary 
least squares with and without PSM estimation.

OLS estimations without matching reveal that 
households suffering shock from drought increase the 
probability of technology adoption, such as improved 
seeds, and organic fertilisers bought from others. The 
coefficient of influence of shock from drought on tech-
nology adoption, such as improved seeds of rice variety 
and organic fertiliser bought from others, from OLS 

Table 2. Balance tests comparing unmatched and matched samples for shocks from drought

Variables
Unmatched Matched

treatment control P-value treatment control P-value
Access to credit 0.368 0.437 0.047 0.368 0.424 0.201
Access to Internet 0.444 0.436 0.814 0.444 0.460 0.720
Gender of household head 0.844 0.824 0.443 0.844 0.844 1.000
Age of household head 52.824 53.239 0.598 52.824 52.944 0.906
Educational level of the household head 8.288 8.329 0.851 8.288 8.204 0.766
Number of assets 6.740 7.395 0.005 6.740 7.864 0.000
Rice production area1 7.740 7.781 0.518 7.740 7.802 0.444
Fragmentation index 0.478 0.505 0.175 0.478 0.519 0.117
Changing land quality 0.080 0.043 0.013 0.080 0.056 0.287
Number of plots 5.552 5.356 0.300 5.552 5.724 0.480
Access to the agricultural extension service 0.540 0.556 0.645 0.540 0.556 0.720
Soil and water conservation 0.364 0.226 0.000 0.364 0.332 0.454
Access to irrigation 0.960 0.969 0.456 0.960 0.948 0.523
Health risks 0.036 0.093 0.003 0.036 0.060 0.210
Number of family members 4.540 4.600 0.619 4.540 4.776 0.113
Observation 250 1 107 – 187 216 –

1in log form
Source: Author’s elaboration
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with matching is  higher compared to  the estimates 
obtained through OLS without matching. The result 
implies that households tended to increase their adop-
tion of improved seeds and organic fertiliser since the 
households facing the shocks from climate change, 
such as drought, with the effect of  the coefficient are 
0.078 and 0.061, respectively. In  addition, the results 
show that the correlation between shock from drought 
and technology, such as chemical fertiliser and organic 
fertiliser prepared by  households in  rice production, 
was not significant.

Furthermore, Table 4 presents some factors that 
affect technology adoption. Regarding the adop-
tion of chemical fertilisers, the result indicates that a 
household with male head uses more chemical fertilis-
ers than others, with a coefficient of 0.133 and a signifi-
cance level of 5%. Similarly, rice production areas have 
a  positive correlation with the adoption of  chemical 
fertilisers at a significant level of 5%. This means that 
households with a large scare of rice production tend 
to  use chemical fertiliser. Additionally, households 
with access to irrigation tend to adopt more chemical 
fertilisers than others. Access to credit was one of the 
factors that affected the adoption of  improved seeds. 
An  increase in  accessing credit improves the prob-
ability of improved variety adoption with a coefficient 

of 0.064 at a  significant level of 10%. However, farms 
with access to credit reduced the probability of  tech-
nology adoption such as organic fertiliser. In addition, 
a young farmer tended to adopt more organic fertiliser 
than the older. Besides, practices of soil and water con-
servation did not encourage rice farms to apply more 
improved seeds. Table 5 presents the effect of  shock 
from the flood on several technology adoptions, such 
as  fertiliser chemicals, improved seeds, organic ferti-
lisers prepared by  households, and organic fertilisers 
bought from others, employing both ordinary least 
squares with and without PSM estimation. The result 
shows that shock of flood had significant impact on the 
technology adoption of  farm rice, such as  chemical 
fertilisers and improved seeds. However, the study 
does not provide a  significant relationship between 
shock from flood and technology adoption, such as or-
ganic fertiliser. In particular, OLS estimations without 
matching revealed that households suffering shock 
from flood had an  increased probability of  technol-
ogy adoption, such as chemical fertilisers. The coeffi-
cient of  influence of  shock from flood on  technology 
adoption, such as  chemical fertilisers, by  OLS with 
matching was higher compared to  the estimates ob-
tained through OLS without matching. The result im-
plied that households tended to  increase their adop-

Table 3. Balance tests comparing unmatched and matched samples for shocked from flood

Variables
Unmatched Matched

treatment control P-value treatment control P-value
Access to credit 0.459 0.420 0.383 0.459 0.348 0.063
Access to Internet 0.422 0.439 0.710 0.422 0.430 0.902
Gender of household head 0.911 0.818 0.007 0.911 0.837 0.067
Age of household head 52.274 53.260 0.333 52.274 52.659 0.777
Educational level of the household head 7.615 8.400 0.006 7.615 7.941 0.390
Number of assets 7.837 7.212 0.039 7.837 7.052 0.049
Rice production area1 7.817 7.768 0.556 7.817 7.815 0.985
Fragmentation index 0.524 0.497 0.296 0.524 0.565 0.206
Changing land quality 0.059 0.048 0.578 0.059 0.059 1.000
Number of plots 5.193 5.414 0.365 5.193 5.963 0.022
Access to the agricultural extension service 0.770 0.529 0.000 0.770 0.637 0.016
Soil and water conservation 0.274 0.249 0.524 0.274 0.267 0.892
Access to irrigation 0.978 0.966 0.480 0.978 0.919 0.028
Health risks 0.030 0.088 0.018 0.030 0.030 1.000
Number of family members 4.452 4.604 0.327 4.452 4.511 0.756
Observation 135 1 222 – 99 143 –

1in log form
Source: Author’s elaboration
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tion of chemical fertilisers since the households facing 
the shocks from climate change, such as floods, with 
the coefficient 0.070.

Among the social characteristics of  rice farms, the 
study results provided some interesting factors that 
impacted technology adoption. Farmers with higher 
education levels tended to  reduce the use of  chemi-
cal fertilisers in  rice production with a  coefficient 
of  –0.017 at  the significance level of  5%. In  addition, 
land fragmentation (Simpson index) negatively affect-
ed the adoption of  the improved variety of  rice with 
a coefficient of –0.456 at  the significance level of 1%. 
However, the number of plots had a positive relation-
ship to  the adoption of  improved seeds. This means 
that households with various large plots of rice produc-
tion can encourage households to use improved seeds.

Discussion. The relationship between shock and 
technology adoption in  agricultural production may 
be  ambiguous because, with different shock events, 
farmers will adopt various measures to  maximise 
benefits from agricultural production in  the context 
of risk and uncertainty in production. A study by Ge-
bremariam and Tesfaye (2018) indicateed that when 

households face a  production shock, they reduce the 
probability of  technology adoption, such as  chemical 
fertiliser and improved seeds; however, they increase 
the investment in organic fertiliser. In addition, Arslan 
et al. (2017) find that households adopt more improved 
seeds and decrease the adoption of organic fertilisers 
since the farms face risk from weather shocks.

The main result of  this study shows that shocks 
from climate change, such as drought, lead to the in-
creased probability of  technology adoption, such 
as improved seeds. This result is supported by the re-
search of  (Arslan et  al. 2017), but contrasts with the 
others (Gebremariam and Tesfaye 2018). The reason 
is that improved seeds can yield substantial advantages 
if rice farms face dry conditions (Yang et al. 2024). Ac-
cording to  Salgotra and Chauhan (2023), the utilisa-
tion of genetic enhancement techniques and the crea-
tion of  rice varieties that can withstand drought and 
heat stress can lead to an increase in  seed formation 
and boost the overall yield, even when the plants are 
exposed to  stressful conditions. In  addition, the ap-
plication of  polyamines from an  external source has 
been discovered to  enhance the ability of  rice plants 
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Source: Author’s elaboration

https://www.agriculturejournals.cz/web/agricecon/


22

Original Paper	 Agricultural Economics – Czech, 71, 2025 (1): 14–26

https://doi.org/10.17221/296/2024-AGRICECON

Table 4. The effect of shock from drought on technology adoption

Variables
Chemical fertilizer Improved seeds Organic fertilisers 

prepared by household
Organic fertilisers 

bought from others

before 
matching

after 
matching

before 
matching

after 
matching

before 
matching

after 
matching

before 
matching

after 
matching

Shock from drought –0.016
(0.021)

–0.014
(0.019)

0.066*
(0.034)

0.078***
(0.029)

0.054
(0.047)

0.043
(0.049)

0.053
(0.034)

0.061*
(0.036)

Access to credit –0.012
(0.017)

–0.019
(0.025)

0.047*
(0.028)

0.064*
(0.038)

–0.043
(0.039)

–0.129**
(0.064)

–0.029
(0.028)

–0.061
(0.046)

Access to the Internet –0.014
(0.016)

–0.007
(0.023)

–0.014
(0.025)

–0.021
(0.036)

–0.008
(0.036)

–0.012
(0.060)

–0.036
(0.025)

–0.044
(0.044)

Gender of household 
head

0.042
(0.044)

0.133**
(0.067)

–0.049
(0.071)

–0.054
(0.103)

0.089
(0.102)

0.092
(0.182)

–0.042
(0.075)

0.035
(0.127)

Age of household 
head

0.000
(0.002)

–0.000
(0.003)

0.001
(0.003)

–0.001
(0.004)

–0.002
(0.004)

–0.006
(0.007)

–0.000
(0.003)

–0.011**
(0.005)

Educational level 
of the household head

–0.003
(0.003)

–0.000
(0.005)

–0.001
(0.005)

–0.004
(0.007)

–0.007
(0.008)

0.000
(0.013)

0.008
(0.005)

0.003
(0.009)

Number of assets 0.005
(0.004)

0.007
(0.005)

–0.010*
(0.006)

–0.013
(0.008)

–0.001
(0.008)

–0.017
(0.014)

0.003
(0.006)

0.016
(0.010)

Rice production area1 –0.004
(0.020)

0.058**
(0.028)

0.039
(0.031)

–0.014
(0.043)

0.024
(0.044)

0.022
(0.072)

0.011
(0.031)

0.004
(0.052)

Fragmentation index –0.070
(0.057)

–0.074
(0.080)

–0.207**
(0.091)

–0.076
(0.123)

0.133
(0.126)

0.034
(0.202)

0.014
(0.090)

0.085
(0.149)

Changing land quality 0.010
(0.037)

0.029
(0.046)

–0.094
(0.059)

–0.003
(0.070)

0.139*
(0.082)

0.160
(0.114)

0.086
(0.060)

–0.019
(0.087)

Number of plots 0.009
(0.006)

–0.006
(0.009)

0.020*
(0.010)

0.013
(0.014)

0.019
(0.015)

0.008
(0.023)

0.005
(0.010)

0.001
(0.017)

Access to the agricul-
tural extension service

0.024
(0.016)

0.023
(0.024)

0.013
(0.026)

0.035
(0.037)

0.057
(0.037)

0.049
(0.062)

0.001
(0.026)

0.060
(0.045)

Soil and water conser-
vation

0.027
(0.019)

0.034
(0.026)

–0.053*
(0.030)

–0.099**
(0.040)

0.042
(0.042)

0.046
(0.068)

0.041
(0.030)

0.026
(0.048)

Access to irrigation 0.209***
(0.041)

0.180***
(0.054)

–0.057
(0.065)

–0.046
(0.084)

–0.147
(0.092)

0.034
(0.136)

–0.043
(0.065)

–0.108
(0.100)

Health risks –0.012
(0.029)

0.022
(0.045)

–0.032
(0.048)

–0.043
(0.070)

–0.131*
(0.067)

–0.159
(0.118)

0.018
(0.048)

–0.110
(0.084)

Number of family 
members

0.011
(0.007)

0.023**
(0.011)

0.003
(0.012)

0.015
(0.017)

0.014
(0.017)

0.014
(0.029)

–0.009
(0.012)

–0.047**
(0.021)

Constant 0.638***
(0.189)

0.168
(0.269)

0.630**
(0.302)

1.094***
(0.415)

0.326
(0.424)

0.652
(0.692)

0.091
(0.300)

0.826*
(0.498)

Fixed household ID yes yes yes yes yes yes yes yes
Fixed year yes yes yes yes yes yes yes yes
Observations 1 347 400 1 356 403 1 300 384 1 329 391
Number of households 691 146 691 146 683 146 688 145

*,**,***significant at P < 0.1, P < 0.05, and P < 0.01, respectively; 1in log form; SE in parentheses
Source: Author’s elaboration
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Table 5. The effect of shocks from flood on technology adoption

Variables
Chemical fertiliser Improved seeds Organic fertilisers pre-

pared by household
Organic fertilisers 

bought from others

before 
matching

after 
matching

before 
matching

after 
matching

before 
matching

after 
matching

before 
matching

after 
matching

Shock from flood 0.056**
(0.028)

0.070**
(0.027)

–0.073
(0.045)

–0.100**
(0.045)

0.065
(0.063)

0.048
(0.069)

0.073
(0.045)

0.054
(0.059)

Access to credit –0.012
(0.017)

0.030
(0.034)

0.045
(0.027)

–0.027
(0.055)

–0.047
(0.039)

–0.087
(0.085)

–0.033
(0.028)

–0.042
(0.072)

Access to the Internet –0.015
(0.016)

0.043
(0.028)

–0.013
(0.025)

0.033
(0.047)

–0.008
(0.036)

–0.069
(0.072)

–0.035
(0.025)

–0.059
(0.061)

Gender of household 
head

0.046
(0.044)

0.129
(0.087)

–0.055
(0.072)

–0.047
(0.144)

0.098
(0.103)

0.143
(0.244)

–0.033
(0.075)

–0.304
(0.194)

Age of household head 0.000
(0.002)

0.003
(0.004)

0.001
(0.003)

–0.001
(0.007)

–0.001
(0.004)

0.008
(0.011)

0.000
(0.003)

0.007
(0.009)

Educational level of the 
household head

–0.003
(0.003)

–0.017**
(0.006)

–0.001
(0.005)

–0.016
(0.011)

–0.007
(0.008)

–0.008
(0.018)

0.008
(0.005)

0.002
(0.014)

Number of assets 0.004
(0.004)

0.005
(0.006)

–0.009*
(0.006)

0.001
(0.010)

–0.001
(0.008)

–0.012
(0.016)

0.002
(0.006)

–0.013
(0.013)

Rice production area1 –0.002
(0.019)

0.005
(0.036)

0.034
(0.032)

0.119*
(0.060)

0.023
(0.044)

0.132
(0.095)

0.011
(0.031)

0.017
(0.077)

Fragmentation index –0.081
(0.057)

–0.038
(0.102)

–0.192**
(0.091)

–0.456***
(0.168)

0.122
(0.126)

–0.028
(0.258)

–0.000
(0.091)

–0.069
(0.218)

Changing land quality 0.009
(0.037)

–0.061
(0.055)

–0.094
(0.060)

–0.151
(0.092)

0.136*
(0.082)

0.036
(0.142)

0.081
(0.060)

0.096
(0.122)

Number of plots 0.009
(0.006)

0.029**
(0.012)

0.020*
(0.010)

0.038**
(0.019)

0.019
(0.015)

0.015
(0.030)

0.005
(0.010)

–0.005
(0.024)

Access to the agricultural 
extension service

0.018
(0.017)

–0.031
(0.033)

0.020
(0.027)

0.072
(0.054)

0.053
(0.038)

0.083
(0.086)

–0.006
(0.027)

0.030
(0.071)

Soil and water conserva-
tion

0.024
(0.018)

–0.005
(0.036)

–0.042
(0.029)

0.057
(0.060)

0.047
(0.042)

0.005
(0.092)

0.049*
(0.029)

0.002
(0.078)

Access to irrigation 0.213***
(0.041)

0.309***
(0.101)

–0.064
(0.065)

–0.279*
(0.167)

–0.143
(0.092)

–0.095
(0.251)

–0.038
(0.065)

–0.242
(0.214)

Health risks –0.008
(0.029)

0.061
(0.062)

–0.040
(0.048)

–0.016
(0.102)

–0.134**
(0.067)

–0.163
(0.174)

0.019
(0.048)

0.032
(0.134)

Number of family mem-
bers

0.012
(0.007)

0.008
(0.014)

0.002
(0.012)

0.009
(0.023)

0.013
(0.017)

0.051
(0.035)

–0.009
(0.012)

–0.001
(0.029)

Constant 0.607***
(0.189)

0.167
(0.365)

0.678**
(0.303)

0.427
(0.601)

0.314
(0.424)

–0.943
(0.923)

0.063
(0.301)

0.332
(0.774)

Fixed household ID yes yes yes yes yes yes yes yes
Fixed year yes yes yes yes yes yes yes yes
Observations 1 347 241 1 356 242 1 300 232 1 329 238
Number of households 691 89 691 89 683 89 688 89

*,**,***significant at P < 0.1, P < 0.05, and P < 0.01, respectively; 1in log form; SE in parentheses
Source: Author’s elaboration
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to  withstand drought. This is  achieved by  improving 
the water content of  the leaves, enhancing photosyn-
thesis, and enhancing the characteristics of the plant’s 
membranes. As a result, the overall performance of the 
crop is increased (Farooq et al. 2009). In addition, this 
study finds that households tend to adopt technology 
such as organic fertiliser under the shock of drought. 
The result is  linked to  the previous research (Gebre-
mariam and Tesfaye 2018). The occurrence of drought 
poses a substantial obstacle to  the cultivation of rice, 
impacting both the quantity and efficiency of crop pro-
duction. Farmers are progressively adopting organic 
fertilisers as a tactic to mitigate the effects of drought 
on rice growth. Organic fertilisers provide several ad-
vantages in drought conditions as they can improve soil 
structure, enhance water retention capacity, increase 
nutrient availability to plants, and stimulate beneficial 
microbial activity in the soil. These factors contribute 
to  better water stress management (Zain et  al. 2014; 
Sukanteri et al. 2022).

Another finding in this study is the positive relation-
ship between shock from flood and use of  chemical 
fertiliser. Floods can result in substantial losses for rice 
producers, such as  the mortality of  sown rice seeds, 
crop failures, and the displacement of paddy rice out-
put by flood currents (Pirngadi et al. 2024). To mini-
mise the negative effects of flooding on crop yields, it is 
essential to comprehend the impact of flooding stress 
on crops and devise enhanced production techniques 
that bolster the ability of  cropping systems to  with-
stand extreme weather events (Kaur et al. 2020). In ad-
dition, shock from floods leads to a reduced probability 
of  using improved varieties in  rice production. Rice 
farming households are frequently compelled to pur-
sue new means of income as a result of the detrimental 
effects of floods on their household income, highlight-
ing their susceptibility (Yamin and Putri 2024). In ad-
dition, floods might result in a decrease in rice produc-
tion, which has a negative impact on farmers’ earnings 
and the general stability of the food supply.

CONCLUSION

Emphasising the importance of sustainable rice culti-
vation is essential for a rice-exporting nation such as Vi-
etnam since it not only contributes to the gross domes-
tic product but also ensures food security domestically. 
Technology can be a key to promoting rice production 
and ensuring sustainable development in the rice sec-
tor. However, experiencing shocks from climate change 
can make farmers change their behaviour in the adop-

tion of technology, such as chemical fertiliser, improved 
seeds, and organic fertiliser. In this study, finding a cor-
relation between feeling shock and technological adop-
tion is crucial in the field of economic growth, as it can 
significantly improve productivity and sustainability.

This study aims to explore farmer behaviour in tech-
nology adoption since they suffer the shock from cli-
mate change, such as  floods or  drought in  rice pro-
duction in Vietnam. With the panel data from VARHS 
2012–2018, fixed effect estimation with a  propensity 
score matched sample controls for selection issues 
was used to  identify the impact of shocks from flood 
or drought on technology adoption, such as chemical 
fertiliser, improved seeds, and organic fertiliser. The 
results showed that rice farmers experiencing shock 
from drought tended to adopt improved rice seeds and 
buy organic fertiliser from others. In addition, farmers 
would use more chemical fertiliser since their rice farms 
suffered shock from floods. However, the study found 
a negative relationship between shock from flood and 
technology adoption, such as improved seeds. Overall, 
the findings emphasised the significance of  adopting 
technology to  improve productivity, welfare, and risk 
management. The study revealed that shocks impeded 
households’ adoption of complementary technologies. 
Following shocks, farmers may selectively adopt inno-
vations strategically, leading to long-term consequenc-
es that extend beyond food security. Efforts to promote 
the adoption of agricultural innovation should include 
developing strategies to mitigate the impact of sudden 
changes on farming families.

Although the estimates control for selection bias as far 
as possible, there are limitations to the above analysis. 
Firstly, it is important to note that even though the fixed 
effect estimation with a propensity score matched sam-
ple effectively addresses selection issues, the matched 
sample still exhibits notable disparities between indi-
viduals who have experienced shock and those who 
have not. These differences are evident in  various as-
pects such as the number of assets (as indicated in Ta-
bles 2 and 3), access to  credit, gender of  household 
head, number of plots, access to the agricultural exten-
sion service, and access to irrigation (Table 3). Second, 
the data did not provide clear information about the 
input quantity for each plot; therefore, we cannot see 
how rice farmers change their behaviours regarding 
technology adoption (full adoption or partial adoption) 
since farmers suffer shock from climate change. In ad-
dition, the result cannot be provided to the individual 
provinces because observations in some provinces can-
not be  enough for estimation. Future research could 
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utilise plot-level data to  enhance causal inference re-
garding the impact of shock on suffering and the adop-
tion of technology in rice cultivation.
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